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oninvasive ventilation is an important

option in the management of patients who

are at risk of or have respiratory failure in
the acute care setting. Over the past two decades,
the use of noninvasive positive-pressure ventila-
tion and of noninvasive continuous positive airway
pressure by mask has increased tremendously
among acutely ill patients. Initial case series and
uncontrolled cohort studies that suggested benefit
in selected patients' led to many randomized con-
trolled trials (RCTs).* Both methods of ventilation
have been used to avoid endotracheal intubation in
different patient populations with variable suc-
cess.”” In addition, noninvasive positive-pressure
ventilation has been used to facilitate early libera-
tion from conventional mechanical ventilation* and
to prevent reintubation.*

Comprehensive guidelines on the use of non-
invasive ventilation have been published previ-
ously.” Since then, the growing body of litera-
ture and variation in practice’® have underscored
the need for new clinical practice guidelines for
the management of patients who have acute res-
piratory distress or failure. To develop these
guidelines, we conducted a systematic and com-
prehensive review of RCTs in this area. We con-
sidered more recent literature (an additional 58
trials), included only evidence from RCTs and
used GRADE methodology (Grading of Recom-
mendations Assessment, Development and Eval-
uation)'*'? to formulate the recommendations.
Moreover, we have addressed the use of nonin-
vasive ventilation in additional clinical settings:
the postoperative setting, use for immunocom-
promised patients, weaning from conventional
mechanical ventilation, transition to spontaneous
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breathing and the use for patients at high risk of
respiratory failure after extubation.

Although these guidelines were developed in
the context of the Canadian health care system,
we considered RCTs from any country. There-
fore, we believe that these recommendations are
generalizable and useful to all clinicians who
care for patients who are at risk of or who have
acute respiratory distress or failure in an acute
care setting.

Throughout this article, we include respira-
tory distress that is manifested by increased work
of breathing but that does not meet traditional
criteria for respiratory failure in our definition of
acute respiratory failure. When we use the term
“noninvasive ventilation,” we are referring to
noninvasive positive-pressure ventilation and
continuous positive airway pressure. Finally,
when we use the term “continuous positive air-
way pressure,” the mode of delivery is under-
stood to be by mask.
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¢ Noninvasive positive-pressure ventilation should be the first option for
ventilatory support for patients with either a severe exacerbation of
chronic obstructive pulmonary disease (COPD) or cardiogenic

pulmonary edema.

e Continuous positive airway pressure delivered by mask appears to be
equally effective to noninvasive positive-pressure ventilation for

patients with cardiogenic pulmonary edema.

e Patients with acute respiratory distress or hypoxemia, either in the
postoperative setting or in the presence of immunosuppression, can be
considered for a trial of noninvasive positive-pressure ventilation.

e Patients with COPD can be considered for a trial of early extubation to
noninvasive positive-pressure ventilation in centres with extensive
experience in the use of noninvasive positive-pressure ventilation.
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Methods

Leadership and scope

An 18-member guidelines panel of university-
affiliated clinicians, led by two cochairs, was
formed in June 2007 as an initiative of the
Canadian Critical Care Trials Group / Canadian
Critical Care Society Noninvasive Ventilation
Guidelines Group. Of the 18 members on the
panel, 16 participated in the review of RCTs,
working in eight pairs. All 18 members of the
panel were responsible for the literature review,
quality appraisal, summary of the evidence, gen-

eration of the first draft of recommendations and
revision of the recommendations.

These guidelines, set in the context of the
Canadian health care system, are intended
to help physicians make appropriate decisions
regarding the use of noninvasive positive-
pressure ventilation and continuous positive
airway pressure in the following patient popu-
lations: patients who are at risk of or who have
acute respiratory failure, postoperative patients
and patients who are being weaned from
mechanical ventilation or have recently under-
gone extubation.

removed n = 3033

Studies identified through literature search after duplicates

e |nitial search (up to June 2007) n =2718
- Electronic databases n = 71421
- Cochrane Central Register of Controlled Trials, without filter
for “acute respiratory insufficiency” n = 1488
- Google n =79 (Google Scholar n =45; Google.com n = 34)
Registries of controlled trials n =15
o Updated search of all sources to April 2008 n = 799
e Updated search of all sources to June 2009 n =116

Excluded n =2862

(wrong population, not an RCT,
noninvasive ventilation or CPAP
not studied)

Atelectasis n =1
Severe CAP n=1
Chest trauma n =2

Y
Full-text articles
reviewed
n=171
Excluded n=25
¢ \Wrong population n=15
e NotanRCT n=10
Y
RCTs included in the
final review
n =146
\4 A4 A4
Clinical settings Application Other
ALI/ARDS n =1 Interfaces n =10 Brochodilators n =2
Asthma n=3 Triggering n=1 Bronchsocopy n =2

Modes n =14
Humidification n=2
Ventilator n =2

Preoxygenation n =2
NIVv.CMV n=5
Helium adjunct n =2

COPD n=17
CPE n=29
Postop n =24

Postextubation n=8
Weaning adjunct n =10
Hypoxemic n =1
Heterogeneous n=5
Immunocompromised n =2

Figure 1: Summary of search results. ALl = acute lung injury, ARDS = acute respiratory distress syndrome,
CAP = community-acquired pneumonia, CMV = conventional mechanical ventilation, COPD = chronic ob-
structive pulmonary disease, CPAP = continuous positive airway pressure, CPE = cardiogenic pulmonary
edema, NIV = noninvasive ventilation, RCT = randomized controlled trial.



Literature review
We searched the following electronic databases
from their inception to June 2009: MEDLINE,
EMBASE, CINAHL, CENTRAL (the Cochrane
Central Register of Controlled Trials), DARE
(the Database of Abstracts of Reviews of Effec-
tiveness), the Cochrane Database of Systematic
Reviews, the ACP Journal Club database, the
metaRegister of Controlled Trials, ClinicalTri-
als.gov and the Journals@Ovid database. We
also searched personal files and the bibliogra-
phies of relevant articles. We identified RCTs
that included adults admitted to hospital who
were at risk of or who had acute respiratory fail-
ure. We included studies involving patients with
acute or acute-on-chronic respiratory failure. No
language restrictions were applied; non-English
publications were translated into English.

Working independently, each member of the
pair of reviewers critically appraised assigned
RCTs. For each RCT, data were abstracted
regarding trial validity. All reported outcomes
were recorded. We conducted meta-analyses
for topics for which at least two RCTs were
identified.

A total of 146 RCTs were included in our re-
view. Figure 1 provides a summary of the search
results.

Development of recommendations

We used the GRADE approach'*"* to develop
the guideline statements. We incorporated
assessments of study validity (using GRADE
methodology), safety, feasibility and cost in
developing our recommendations.

Table 1 summarizes the GRADE Working
Group’s definitions of its categories.'*'"> Stan-
dard phrases in these statements were ‘“‘recom-
mend,” “suggest” or “no recommendation.”
For topics we considered to have sufficient
quality and quantity of supporting evidence
from RCTs, strong recommendations were
assigned a grade of 1 and described by the
phrase “we recommend”’; weaker recommenda-
tions were assigned a grade of 2 and described
by the phrase “we suggest.” For topics that
lacked sufficient evidence, we made no recom-
mendation. In these situations, we stated that
noninvasive positive-pressure ventilation or
continuous positive airway pressure could be
considered but that there was a lack of litera-
ture to support either intervention because pub-
lished RCTs were inconclusive (denoted by the
term “lack of sufficient evidence”) or because
no RCTs were published (denoted by “lack of
RCTs”).

The Canadian Critical Care Society and the
Canadian Critical Care Trials Group reviewed
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the guidelines and endorsed the final version. In
addition, an international expert on noninvasive
ventilation reviewed the final guidelines.

Further details of the methods can be found in
the full-text version of the article (available on-
line at www.cmaj.ca).

Highlights of the guidelines

The complete list of guidelines organized by clini-
cal group and grade of recommendation is in
Table 2 of the full-text version (available at www
.cmaj.ca). We defined three clinical settings: acute
respiratory failure, weaning from mechanical ven-
tilation and the postoperative setting. We also re-
port recommendations on technical strategies to
optimize the use of noninvasive ventilation (e.g.,
interfaces, mode). A summary of the recommen-
dations, organized by strength and quality of evi-
dence, is presented in Table 2 of this article.

The following are highlights of the key rec-
ommendations.

Which patients should receive a trial of
noninvasive ventilation?

Noninvasive positive-pressure ventilation and
continuous positive airway pressure are used
most commonly in patients who have acute res-
piratory failure. The objective is to support the

Table 1: Summary of grading used in GRADE approach™ "

Strength of

Numeric grade recommendation

Interpretation

(insufficient evidence)

1 Strong Do it
Don't do it
2 Weak Probably do it
Probably don’t do it
No grade No recommendation ~ Okay to try, an option

Letter grade Level of quality

Interpretation

A High

B Moderate

C Low

D Very low

Further research is very unlikely
to change our confidence in the
estimate of effect

Further research is likely to have
an important impact on our
confidence in the estimate of
effect and may change the
estimate

Further research is very likely to
have an important impact on
our confidence in the estimate
of effect and is likely to change
the estimate

Any estimate of effect is very
uncertain

Note: GRADE = Grading of Recommendations Assessment, Development and Evaluation.
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work of breathing and improve oxygenation and
ventilation while permitting other treatments
(e.g., bronchodilators, antibiotics and diuretics)
to reverse the underlying cause of the respiratory
failure. The amount of literature available re-

flects the relative incidence of the underlying
causes of respiratory failure.

Numerous RCTs supported the benefit of
noninvasive positive-pressure ventilation in pa-
tients who have a severe exacerbation of chronic

Table 2: Guideline statements according to strength of recommendation and quality of evidence (part 1 of 2)

Grade/strength of
recommendation
(interpretation)

Level of quality
(interpretation)

Statement

1A (Do it)

1C (Don't do it)

2B (Probably do it)

2C (Probably do it)

2C (Probably don‘t
do it)

No grade (OK to try,
an option)

High o

Low o

Moderate .

Low .

Low .

We recommend the use of NPPV in addition to usual care in patients who have
a severe exacerbation of COPD (pH < 7.35 and relative hypercarbia)

We recommend the use of either NPPV or CPAP in patients who have
cardiogenic pulmonary edema and respiratory failure in the absence of shock
or acute coronary syndrome requiring urgent coronary revascularization

We recommend that CPAP not be used in patients who have acute lung

injury

We suggest that NPPV be used in immunosuppressed patients who have acute
respiratory failure

We suggest that NPPV be used to facilitate early liberation from mechanical
ventilation in patients who have COPD, but only in centres that have expertise
in NPPV

We suggest that NPPV be used after planned extubation in patients who are
considered to be at high risk of recurrent respiratory failure, but only in centres
that have expertise in NPPV

We suggest that CPAP be used in patients who have respiratory failure after
abdominal surgery

We suggest that NPPV be used in patients who have respiratory failure after
lung-resection surgery

We suggest the use of an oronasal rather than a nasal mask in patients who
have acute respiratory failure and who are receiving NPPV

We suggest that helium—oxygen (heliox) not be routinely used in patients who
are receiving NPPV in the setting of a severe exacerbation of COPD

We suggest that NPPV not be used after planned extubation in patients who
are considered to be at low risk of respiratory failure

We suggest that NPPV not be routinely used in patients who do not have COPD
and who have postextubation respiratory failure

Low NPPV or CPAP

(RCTs exist but .

findings inconclusive)

We make no recommendation about the use of either NPPV or CPAP in
patients who have hypoxemia and who undergo bronchoscopy

We make no recommendation about the use of either NPPV or CPAP in low-risk
patients after low-risk surgery to prevent respiratory failure

We make no recommendation about the use of either NPPV or CPAP in
patients at high risk (because of associated comorbidity) to prevent respiratory
failure after low-risk surgical procedures

NPPV

We make no recommendation about the use of NPPV versus intubation and
conventional mechanical ventilation in patients who have a severe
exacerbation of COPD that requires ventilator support

We make no recommendation about the use of NPPV in patients who have an
exacerbation of asthma

We make no recommendation about the use of NPPV in patients who have
severe community-acquired pneumonia and no prior history of COPD

We make no recommendation about the use of NPPV to facilitate early
liberation from mechanical ventilation in patients who do not have COPD
We make no recommendation about the use of NPPV in patients who have
COPD and who have postextubation respiratory failure

We make no recommendation about the use of an oronasal mask versus full
face mask for NPPV in patients who have acute respiratory failure
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obstructive pulmonary disease (COPD) (refer-  for use in patients with most other causes of res-
ences available in the full-text version of the  piratory failure. Immunosuppressed patients who
article) or cardiogenic pulmonary edema (refer-  present with respiratory distress or failure appear
ences available in the full-text version of the to benefit from noninvasive positive-pressure
article); however, there was insufficient evidence  ventilation.'>"*

Table 2: Guideline statements according to strength of recommendation and quality of evidence (part 2 of 2)

Grade/strength of

recommendation Level of quality
(interpretation) (interpretation) Statement
No grade (OK to try, Low ¢ We make no recommendation about the use of proportional assist ventilation
an option) — (RCTs exist but versus pressure support ventilation in patients who are receiving NPPV for
continued findings inconclusive) acute respiratory failure
— continued CPAP
¢ \We make no recommendation about the use of CPAP in patients who have
chest trauma and respiratory distress
¢ We make no recommendation about the use of CPAP to prevent respiratory
failure after cardiac surgery
¢ \We make no recommendation about the use of CPAP to prevent respiratory
failure after high-risk surgical procedures
No grade (OK to try, Low NPPV or CPAP
an option) (no RCTs) e \We make no recommendation about the use of either NPPV or CPAP in
patients who have chest trauma without respiratory distress
NPPV

¢ \We make no recommendation about the use of NPPV in patients who have
acute lung injury

¢ \We make no recommendation about the use of NPPV in patients who have
chest trauma and respiratory distress

¢ \We make no recommendation about the use of NPPV to prevent respiratory
failure after cardiac surgery

¢ \We make no recommendation about the use of NPPV to prevent respiratory
failure after high-risk surgical procedures

¢ We make no recommendation about the use of NPPV in patients who have
respiratory failure after abdominal surgery

CPAP

¢ We make no recommendation about the use of CPAP in patients who have a
severe exacerbation of COPD

¢ \We make no recommendation about the use of CPAP in patients who have a
severe exacerbation of COPD that requires ventilator support

¢ \We make no recommendation about the use of helium-oxygen (heliox) in
patients who are receiving CPAP in the setting of a severe exacerbation of
COPD

¢ \We make no recommendation about the use of CPAP in patients who have an
exacerbation of asthma

¢ \We make no recommendation about the use of CPAP in patients who have
severe community-acquired pneumonia and no prior history of COPD

¢ We make no recommendation about the use of CPAP in immunosuppressed
patients who have respiratory failure

¢ We make no recommendation about the use of CPAP to facilitate early
liberation from mechanical ventilation

¢ \We make no recommendation about the use of CPAP after planned extubation

¢ We make no recommendation about the use of CPAP in patients who have
postextubation respiratory failure

¢ \We make no recommendation about the use of CPAP in patients who have
respiratory failure after lung-resection surgery

¢ \We make no recommendation about the use of oronasal versus nasal or full
face mask for patients who have acute respiratory failure and who are
receiving CPAP

Note: COPD = chronic obstructive pulmonary disease, CPAP = continuous positive airway pressure (by mask), NPPV = noninvasive positive-pressure ventilation,
RCT = randomized controlled trial.
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Continuous positive airway pressure has been
extensively studied for cardiogenic pulmonary
edema but much less so in other settings.

*  We recommend the use of noninvasive posi-
tive-pressure ventilation in addition to usual
care in patients who have a severe exacerba-
tion of COPD (pH < 7.35 and relative hyper-
carbia) (grade 1A recommendation).

* We recommend the use of either noninva-
sive positive-pressure ventilation or continu-
ous positive airway pressure for patients
who have respiratory failure due to cardio-
genic pulmonary edema in the absence of
shock or acute coronary syndrome requiring
urgent coronary revascularization (grade 1A
recommendation).

e We suggest that noninvasive positive-pressure
ventilation be used for immunosuppressed
patients who have acute respiratory failure
(grade 2B recommendation).

* We recommend that continuous positive
airway pressure not be used for patients who
have acute lung injury (grade 1C recommen-
dation).

Is there a role for noninvasive ventilation
after intubation?
Noninvasive positive-pressure ventilation or
continuous positive airway pressure can be
used in three situations for patients who require
mechanical ventilation. First, and perhaps most
controversial, is the substitution of noninvasive
positive-pressure ventilation for invasive ventila-
tion in patients who still need ventilator support.
Several small trials suggested that this approach
benefits patients who have a severe exacerbation
of COPD.* Second, use of noninvasive positive-
pressure ventilation or continuous positive air-
way pressure may be considered to avoid reintu-
bation if respiratory distress or failure develops
within the first 48 hours after extubation. How-
ever, trials did not support routine use in this set-
ting."'* Third, recent trials suggested that clini-
cians identify patients who are at high risk of
respiratory failure after extubation and use non-
invasive positive-pressure ventilation as a bridge
to spontaneous breathing, rather than waiting for
respiratory distress or failure to develop after ex-
tubation.””" The studies supporting the use of
noninvasive positive-pressure ventilation in all
of these settings were conducted in centres expe-
rienced in the use of this intervention.

e We suggest that noninvasive positive-pressure
ventilation be used to facilitate early liberation
from mechanical ventilation in patients who
have COPD, but only in centres that have
expertise in noninvasive positive-pressure
ventilation (grade 2B recommendation).

*  We suggest that noninvasive positive-pressure
ventilation be used after planned extubation in
patients considered at high risk of respiratory
failure, but only in centres that have expertise
in noninvasive positive-pressure ventilation
(grade 2B recommendation).

*  We suggest that noninvasive positive-pressure
ventilation not be used after planned extuba-
tion in patients considered at low risk of respi-
ratory failure (grade 2C recommendation).

*  We suggest that noninvasive positive-pressure
ventilation not be routinely used in patients
who do not have COPD and who have post-
extubation respiratory failure (grade 2C rec-
ommendation).

Is there a role for noninvasive ventilation
in the postoperative period?
Postoperative respiratory complications are com-
mon and are likely to occur in patients who have
either premorbid respiratory disease or who have
had surgery that affects respiratory mechanics
and diaphragmatic function. The number of
RCTs on the routine postoperative use of nonin-
vasive positive-pressure ventilation or continuous
positive airway pressure, or the application of
either option for patients in whom respiratory dis-
tress or hypoxemia develops, is growing. Unfor-
tunately, the literature to date has largely focused
on short-term physiologic outcomes. Many stud-
ies of continuous positive airway pressure used it
as part of a chest physiotherapy routine, applying
it for only brief periods on a scheduled basis. As
such, only a few recommendations can be made
owing to insufficient evidence.

*  We suggest the use of continuous positive air-
way pressure for patients who have respira-
tory failure after abdominal surgery (grade 2C
recommendation).

*  We suggest the use of noninvasive positive-
pressure ventilation for patients who have res-
piratory failure after lung-resection surgery
(grade 2C recommendation).

How can noninvasive ventilation be used
optimally?

The technology to apply noninvasive positive-
pressure ventilation and continuous positive air-
way pressure continues to evolve, with increasing
choices in the type of interfaces and improve-
ments in traditional interfaces. Either type of non-
invasive ventilation can be applied using inten-
sive care unit ventilators or units developed
specifically for noninvasive ventilation. Different
modes of ventilation for noninvasive positive-
pressure ventilation are available, although pres-
sure support remains the most commonly used.
Most of the literature on interfaces or type of ven-



tilator consisted of bench studies (using an artifi-
cial lung), crossover studies that involved patients
who were not sick or whose condition was stabi-
lized on noninvasive positive-pressure ventila-
tion, and RCTs that used physiologic outcomes
or measures of patient comfort. As such, few rec-
ommendations could be made. Other interfaces
(i.e., full face mask), ventilator modes (i.e., pres-
sure support ventilation, proportional assist venti-
lation) and use of humidification should all be
considered options. A concern with proportional
assist ventilation is that lack of feasibility and
cost may preclude its widespread use.

*  We suggest the use of an oronasal rather than
a nasal mask in patients who have acute respi-
ratory failure and who are receiving noninva-
sive positive-pressure ventilation (grade 2C
recommendation).

*  We suggest that heliox (a helium—oxygen gas
mixture) not be routinely used in patients who
are receiving noninvasive positive-pressure
ventilation in the setting of a severe exacerba-
tion of COPD (grade 2C recommendation).

Knowledge gaps

There are several patient populations who have
acute respiratory distress or failure for whom we
could not make recommendations because of
insufficient evidence, including patients with
cystic fibrosis or pulmonary embolism and pa-
tients who decline intubation near or at the end
of life. Because of ethical barriers and infeasible
sample sizes needed for RCTs in some patient
populations, future guidelines may need to make
statements based on non-RCT evidence. Other
areas we suggest for future research include the
use of noninvasive ventilation for severe com-
munity-acquired pneumonia, asthma, acute lung
injury and chest trauma, use for early liberation
from mechanical ventilation, use after planned
extubation and use in the postoperative setting.
Important unresolved technical issues that re-
quire further research include the optimal venti-
lator, mode of ventilation, trigger, interface and
level of humidification.

Implementation

Implementation of these guidelines may require
clinician education, additional health care per-
sonnel, organizational change or additional
resources (equipment or beds with cardiopul-
monary monitoring) to ensure safe and appropri-
ate application of noninvasive positive-pressure
ventilation and continuous positive airway pres-
sure. Timely endotracheal intubation may be re-
quired if noninvasive ventilation fails. Strategies

REVIEW

for the implementation of these guidelines
should be developed for each relevant clinician
group (physicians in different clinical areas and
with different levels of training and expertise,
respiratory therapists and nurses).**

Updating

We plan to update this guideline every four
years.
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